
APRIL 15, 1882. SCIENTIFIC AMERICAN SUPPLEMENT, No. 328. 5233 

"2d.  To the bleaching of oil" glycrrine, etc. 
I 

owing to its chemical union with the above-mentioned foreign Ir one wishes toincrease the turnout of a ring-furnace, it is 
"3d. 1'0 the treatmen t of oils, to render them siccative. boclies. Sometimes it bappens tbat a sudoen elevation of merely necessary to use .two dam pers, and keep each half 
"4th. To the acetification of alcohols and alcoholic· tt'mperature will melt the surface only of the lumps of par- of tbe fumace in independent action, but in such a caBe the 

liquors. to transfo!m them into vinegar." . : tially-burnt lime, and, as it were, glaze them over, and air passes over a less length of finished lirne, and tbe products 
Does not the Elsenmann patent of July 26, 1881, and 11s I thus protect them from further decomposition, while in of combustion are less perfectly denuded of their surplus 

addition of Oct. 11,  1881, trespass on tbe ground of others Iother cases the vitrifaction may occur aU through tbe lumps. heat, by reason of the sborter length of unburned material 
in daiming a process by ozone and electrolyzation whicb This vitrified lime will not slake at all, or will only slake over which they pass; there is, therefore, les� economy of 
recalls the prior claims already cited? imperfectly ; but for all that it may, if finely grounu, form fuel than when one fire is kept burning in each furnace .. Ir 

Tbe fact is that tbe good done by ozone to inferior alco- an exce1lent hydraulic lime or cement; or if mixed with a tbe ring, or annular channel, is made long enough, tbere is 
hols is more than compensated for later by the production considerable proportion of a rich or ., fat" lime it may confer no reason why several fires should not be kept in circula­
of acetic acid, a phetlomenon always produced more or less hydraulic properties on it. Ir the heat has tJe

�
n insufficient tion. 

according to the oxygenizing influence to which the alcohol so lhat the whole of the carbon dioxide has not been drive
� 

WeH, now, Iime is a compound of oxygen and calcium ;  
is submitted. . . (,ff, each lump of Urne will include a kerneI, containing a but besides this normal oxide of calcium there is another oxide 

In concluslon, I propose to you, gentlemen, to grve a large proportion of the ortbocarbonate Ca.CO.. Sucb which contains double tbe proportion of oxygen. This is, 
word of encouragement to the authors of the rectification of imperfectly' burned Iime will not slake on the addition of �owever, a very unstable body, wbich is 01 no parLiculaI 
alcobol b y  the cold and electrolyzation methods, and to water, if it consists mainly of the ortbocarbonate ;  but if mterest out of the laboratory. 
especially congratulate Mr. Naudin on tbe important results ground and mixed with water, it will slowly set without One of thc most notable rroperties of lime is its extreme 
wbich he has already obtained in industrial applications. having much t'3ndency to crack. 

' 
power of resh,ting thc lusing action of fire, the intense heat 

Paris, Jan. 13, 1862. These considerations will indicate tbe propriety of placing of the electric arc only serving slightlv to soften it. Tbis 

SOME OF THE INDUBTRIAL USES OF THE 
CALCIUM COM POUNDS. * 

By THOMAS BOLAs, F.C. S. 
Leeture II.-Delivered November 28, 1881. 

LIME.-THE CALCINATION OF THE CARBONATE IN THEORY 
AND PRACTICE.-INFLUENCE OF FOREIGN BODIES ON THE 
QUALITY OF THE LIME.-MOST FAVORABLE CONDITIONS 
FOR THE DECOMPOSITION OF CALCIUM CARBONATE­
CEMENTS AND THEIR USES.- LIME AS A REFRACTORY 
MATERIAL.-LIME-LIGHT. -THE OXYHYDROGEN FURNACE. 
-LIME MOULDS FOR THE CASTING OF IRON AND STJ;;EL 
NOTJ;;S ON A FJ;;W OF THE INDUSTRIAL AND ECONOMIC 
USES OF LIME. 

JUST a few figureß to commence wirh. The composition 
of the ordinary carbonate of lime, as represented by chalk, 
is expressed by the formula : 

CaCO •. 

Ca stands for 40 parts of calcium byweight, C for 12 parts 
of carbon by weight. and O. for three times sixteen, or 48 
parts of oxygen. Thus we have : 

Calcium . . • •. . . • • • • • . • • • • • • ••. • • • • •• • • • . • • • .  40 
Carbon . . . . . • • . . •• • •• • • • • . . •  ' • •• •. • • •• • • • . .• 12 
Oxygen....... . . • • • . . • • . • •••••• • • • • • •  •••. • •  48 

100 
These figures when added together make just 100; so that 
chalk contains 40 per cent. of calcium. 

When carbonate of lime is heated to redness under favor­
ahle circuinstances, the whole of the carbon flies off in 
company with two-thirds of the oxygen ; the gaseous pro­
duct thus constituted being called carbon dioxide. The 
whole of the calcium remains behind, united with one·third 
of the oxygen, this compound being ordinary lime. In 
symbolic language tbe decomposition is thus represented: 

CaCO.=CaO+CO •. 

t he small lumps of limestone, or tbe least pure varieties, mfusibility is taken advantage of in {he lime furnace of 
toward the top of the furnace, or near tbe edges, wbile the Deville; this apparatus being used for melting- p�atinum and 
larg-e lumps ofthe purer stone maybe placed where the heat other higbly infusible metals. Here is a small one which 
is likely to be greatest. This remark only upplies to a peri- will serve for melting half an ounce of platinum. The metal 
odical furnace, whicb is burned out before bping recharged. is placed in (he hollow of tbe lower block. and tb e flame 
The heat ad visable in ordinary cases may range from of a powerful oxyhydrogell blow-pipe is made to enter at 
700' to 1,000' Centigrade, according to thc quality of the the top, as you now see. You llotice how the incandescent 
stone. li me glows, tbis glow being the well known lime light. Here 

Your attention will next be callfld to some diagrams of tlle is one of the usual arrangements for producing this ligbt. 
various classes of lime furnace in use. The drawing which A jet of coal g'as is crossed by a fine stream of oxygen, and 
is l!OW projected on the FC'reen reprpsents one (lf the most the sharp and bluish flame is aIlowed to impiJ,ge on a Emall 
priIll:itive lime furnaces, but a form still in actual use. It cyhnder of quick-lime; this becoming mcandeEcent almost 
conslsts merely 0: a �ome-shaped heap, which is 15 0r 18 immedintely. and giving out the brilliant light which you 
f�et across, and IS bUllt '!p of alternate .layers of fuel and now sec. The lime ligbt is heing used in this magic. 
hlllestone, a�d covered wlth loam, e?,ceptinp: tlJe extreme top Ilantern for projecting the photographic reducticns (lf dia­
and an openmg at tb� bottom, WhICh leuds into a tunnel- 'gra.m: on tl.le screen ; und as th.e light in question is highly 
shaped chan�el, l�a�h.ng a?ross tbe ho!tom of the beap. :�CtlDlC, It IS of frequellt use m man)' photogral'hic oppra­
Altbough thIS pnmItlve hm.e furnace I� very wasteful as tIOns, and notahly in making enlargements. It is very 
reg�rds fuel, there are occaSlOns �hen It is the most con- pr.obable that, be fore long, the lime-light may compete 
vement arrangement for burnmg lIme. wlth tbe electric light for the illumination of large buildings 

The next lantem slide represent s a rudimentary shatt fur· and open places. 
nace, and, in mmlt cases. such a furnace is excavated fJUt of Iron and steel may be satisfactorily cast in lime moulds. 
the limestone rock itself. It consists of a cylindrical shaft Here are some specimens which were poured into tbe m(julds 
about 14 feet in �iameter and about �)Ue and a �a1f. 1 imes as just at the commencement of the lecture. and if you will 
deep, a small honzontal channel servmg to admlt aIr; and a pass them round you C'Aln trv tht'm with this file. Cerlain 
dome üf limestone is gellerally built round about the pI ace contin ental engineeringfirms'make considerable use of lime 
where the horizontal channel opens into the shaft, so as to moulds for steel, and these moulds ma" either be cut out of 
allow an approximately equal di:tribut i?ll �f tbe beat. Tbis blocks of �ime, or they ruay be made, iike ordinary meulds, 
form of furnace works very satlsfa<:tonly, If carefully man- out of a mIxture of tar varnish and powdered lim!'. In any 
aged, and very many of them are in regular use a1l over the cabe they should be heated to a low red heat before the metal 
country. Those of you who travel on tbe South-Eastern is poured io. 
Railway toward Wool wicb may see one by looking out of The Gilchrist-Thomas process for t he depllOsphoriza1ion 
the right-hand window of the train,  jnst after it has passed of iron is weIl known to you' the converter being liued with 
Westcombe Pa.rk Ftation. The next slides re'prese.n� impro:ve- lim.e bricks, whi�h take up 

t
Jle phosphorus during the ojJe­

!llent� on the SImple shaft furnace, a fire-bnck ImlIlg bemg ralIOn of "blowmg. " One of Ibc bricks used is on tbe talole 
mtroduced, tbe mouth being somewhat contracted; while and you can examine it for yoursel vvs. It is coated externall

Y 

methods of inserting sti�ks of wood, so as to lead the draught with pitch as a proteclion against tbe atmosphere. 
equally through the vanous parts of the mass, are shown. Wben lime ia brought into contact with water. combina­
The dIagram now bef�re �ou shows another step in advance, tiC!n. soon ensues, and heat is evolved ; a white powder con­
a grate of fire-bars bemg mtroduced, an� a I!ermanent arcb taIDlng CaH.O., and comm only known as slaked lime, being 
of firestone, or ot�er refrac.tory m.atenal, I!1stead of the the result. The heat evolved by the slakiog of lime has 
temporary arch bmlt out of tbe lImes tone Itself. Many been known to cause fires and one occ!l8ionally sees work­
forms of interest must be passed overwithout consideration, men cooking breakfast 0

; 
dinner by the heat of a beap of 

�These symbols imply that 100 parts by weight of calcium in ?rder that �ou may be �nablp;d to stu1Y those furnaces slaking lil!le. . 
carbonate split up int056 parts of lime and 44 parts of car- WhlCh are contmuous m thelr actIOn, that IS to say, are kept Wben IIme 18 freely exposed to the air it 800n absorbs 
bon dioxide. Although tbe diminution of weigbt which a constantly burning, fuel and fresh limestone being added at enough water to become slaked, but at 

t
be same time it 

limestone uudergoes when burned is 44 per cent. or more the top, .and .th� burned lime removed at the lower part, with- absorbs carbonic anbydride, and i8 partiaHy. converted into 
as moisl ure and organic matters are often present, the reduc

� 
out extmgmshmg the fire. In the .case of. the furnace now orthocarbonate, Ca.CO.+xH.O, a substance which is 

tion as regards volUllleis much less-say some 14 to 25 per represented on the screen, you wIll notlCe the damping excellently well adapted for making mortar. 
cent. �rrangement fo� stopping th� draul;\"ht at the !ime or extr�ct- . Lime dissolves in al:Jout 800 parts of cold water, but 

Here is a small fragment of carbonate of lime in the form mgthe burne
d 

lIme, the hot lIme bemg raked mto the coohng IS somewhat less soluble in hot water so that when this 
of marble. You see that the heat of this blow-pipe is chambers, which are provided with ventilating shafts in clear lime water is boiled it will depo

�
it a portion of its 

directed on it for a few seconds only; but tbis sufllces to order to facilitate the operation. ' 
lime. 

' 

effect the decomposition of a considerable proportion of the It �3 pr�bable that a notable future is befOl'e the process of The principal use of lime is for making mortar, and in thie 
carbonate, so that when it is placed on a shept of damp burmng 

h
me by means .of gaseous f�el, generate� by such case sand is us�d, oot only to prevent tbe cracking which 

and strongly colored red litmus paper, a vigorous blue �n app�ratus a� that o.f SlC!llens, .especlall� w�en tbIS met�od would happen If a mere paste of li me and water were used, 
coloration is immediately formed round the material. IS carned out m conJ�nctl(Jn wlth the prl.nclple of tbe rmg- but also to unite chemically with a portion uf the lime, a 

Although the carbonate of l ime is so readHy decomposeu by furnace, or annuJ�r kll�, next to be. deSC!lbed. layer of true silicate of lirne being formed round each grain 
heat under these circumstances, it is quite possible to The annular kIln WIll become mtelhglble to you by a of sand. The conversion of tbe lime into carbonate takes 
expose it to an equally higb temperature without decompo- study of the diagral� which �r . .Ba.rk�r will next project place. with e�treme slowness, nna appt'ars to play a secondary 
sition occurring to a notable extent. If carbonate of lime on tbe sc.reen. In klln� of thIS descr�ptI�n tbe fire�chamiJ�r part lD relatIOn to the hardening pr�cess, 3S sampIes of mor­
is heated to redness in a closed iron tube, it simply fuses, may be legarded as a rmg or closed clrcmt, placed m a hon- tar taken from the Great Pyramld m Egypt were found to 
and on cooling it EOlidifies to a semi-crystalline mass, like zontal position ; but this ring need not be round, it being contaill frt'C lime. � 

marble. Ir it is beated under tbe ordinary atmospheric !llore usually fOl"ill�d: like an oblong with roun1ed co�·oers. '.l'be pres�nce in. l!me of certain foreign . bodies, aso clay, 
pressure, the decomposition is extremely slow, unless the The fire·channel 01 rmg may be regarded as bpmg bmlt 1Ip OXIde of Iron, sIhca, or manganese OXIde, exerCIses a 
carbon dioxine first libprated is removed by some means. ?f a number of segments, and a cut-off or damper may be remarkable influence on the properties of mortar made w ith 
This last fact i8 very weil iIlustrated by an experiment which mserte� between any two. of these s�gme�ts. Each �egment i�, such mortar possessing, in a degree depending on many 
it will be easy to show you. Here is an iron tube which passes has a dlrect connecllon wlth the mam cbllllney ; WhlCb can, clfcumstances, the property of setting under water. Blich 
through one of Mr. Fletcher's new gas furnaces for heating 

�
owever! be cut off by llleans 0: � metal bell, w hicb �I�PS a lime is ordinarily called hydraulic lime. 

tubes, and this tube is packed tolerably full of fragments of mt<;> a .rmg-shaped vessel .contamlDg sand, a form of Jomt At Puzzucli, in Italy, a relllarkable volcanic product, ca1led 
marble. In a few minutes the tube will be heated to bright WhlCh IS extremelj' useful m furnace work. Each segment puzzolana. is found, Ihis material consisting principally of 
redness, and you will notice that tbe evolution of carbon can also be opened so as to admit tlIe external ai r or lime· silicates of calcium aluminulll and sodium. W ben tbis 
dioxide, as measured by the occasionul bubbles w bicb pass s�one ; and fuel isadded through small b oles in the top of the puzzolana is intim

a'
tely mixed 

'

with an ordinarv or "fat" 
into the gas jar, is extremely slow. Notice n<)w the effect rmg-sys!em. . . lime, hydraulic mortar or cement is obtained which pos­
of passing steam over the heated carbonate of Urne. A . 

N
ow ImaglDe that one of the dampers or dlaphragmR is sesses most valuable qualities and has slltisfactorily resisted 

rapid evolution of carbon dioxide takes place. and the lDserted be�ween two of the seg-lllents so as to blo?k the ring tbe destr�ctive tendvncies of two thousand years. 
receiving jar is almost immediately filled ",ith the gas. A at that pOInt, a�d that th� segment on �ne sl�e of tlIe Thc mlDeral known as trass, and which not only is found 
stream of air, or other gaseous matter, will produce a similar damper, say tbe nght-band, IS open to the aIr, whtle tbat at abundantly on the banks of the Rhille but also occurs in 
effect, but steam is most notably effective in expediting tbe the otl!er side i8 coonected wilh the cbimney. If the fiJe �s Ireland, is an analogous su?stance, and

' 

it is Inrgely med in 
decomposition of heated carbonate of lime into lime and n C!w llghted . a t tbe open segm�nt, th� �ame or heated �lr some parts ?f GpI"illany and lD Holland for mnking hydraulic 
carbon dioxide. In a similar way, the _decomposition may WIll have to clrculate round the rmg.untIIlt reaches tbe adJa- mortar. Fmely powdered SiliCH, glass, or lightly burned 
be facilitat'd by a reduction of the pressure ; as, for example, ?ent seg�ent, or that .on the ot�er. nde of .1 he damper, before c.lay in a �tate of minute division, possesses similar proper­
when the Iiber!lted carbon dioxide is continually rellloved by It can I �acll: the . chlmne,r:. l'hmgs �elllg allowed to .go tles ; . but 1� the preseflt day hydraulic cements are mostly 
means of an au-pump. �)U, a perlOd IS an;Ived !lt 1V1le? tbe ma.xlm.um uf comb.ustIOn obtamed elther b.y the cardul calcination of im pure lime-

A very bigh temperature is not by any means necessarv IS seated at a pomt mldway III the clfcmt, or Opposlte the stones, as found m nature 01" by the use of artificial mix­
for effvcting the t horough decomposition of carbonate of damper. Wben tbifl is the case, tlIe segment where the lire tures-say of cbalk and cla

y
-made up to the required com­

lime ; a moderate re(t heat being quite sufficient if other first begall is emptied of its lime, an d fresh limestone put position. 
conditions are favorable. A moderately rapid c

�
rrellt of in ; wblle at tbe same time the damper is shifted, so as to Enormous quantities of the so-called Port land cement are 

steam may be considered to rerluce the time necessary for add this segment to the unburned end of the series, the now manufactured in this and other countries. by mixing 
the decomposition to one-eigbth, and a knowledge of this. chimney being then c�nnec�ed wilh it, and the air-�ay.of t�e cha�k. w�t� rive� �ud ; . and, af!er tbe mass has dried, burnin€; 
fact has led some to suppose that a notable advantao-e is next segme�t on the nll"ht IS opened. . By proceedmg In tbIS unttl lDclplellt vltnfact�on sels lll. Tbe mass, heing now linely 
gained by the burning of damp limestone. Tbis suppos

i
tion way, the pomt of maxImum combustron can be kept nearly ground ,  forms an admmlble hydraulic mortar wlren mixed 

seems,. h�'JVever, t? be �nfounded, as one may readily believe opposite the. diaphragm, or dal!lper, and that �ir . which with water and sand. Before" you are �amples il1u�truting 
when It IS borne m mmd that the grt'ater part, if not the actuates the furn�ce beco.mes ?onslderably heated m �ts pas- th� manufacture of P(!rtland cement, which bave been sup­
who�l', of the water must be driven off long before the heat sage over that hme WhlCh IS already burned, whlle the phed by Messrs. Whrte Bros. and Messrs. Francis & !:ion. 
reqUlred for effecting tbe decomposition or the carbonate is waste gRses impart a . consi<;lerahle proportion of their I� is not necessary for me to enter into uny detailed descrip­
re..'lched . . It appears, however, an advantage to place water- waste beat to that matenal WhlCh has not yet cummenced to tlon of the Portland cement manufacture, as this would 
troughs m tbe air-ways of the furnaces in which lime is burn. . .  require a course of lectures by itseH, and you cnn study it up 
burnt. In connection with this point, it must not be for- The waste of heat 18 so 8mall In a weHconstructed annular for yourselves, by me3ns of Mr. Reid's useful manual on this 
gotten that such fuels as wood and coal contain a notable kiln, that in some cases as little as seven per cent. of fuel is sub]ect and also his work on coU(�rete. 
portion of hydrogen, and when this burns water is used ; . and, moreover, the labor involved in workillg tbe fur- The cement ordinarily calJed " Roman," is made from the 
formpd. nace IS not very considerable. Several thousand furnaces nodules of highly ferrug-inous and very illlpure limestone 

In some cases, as when the limestone is contaminated with are in use at the present time, and whenever the operation of known as septnria, which are found in tbe Tbamps Vallcy
: 

a. consi(l�rabl� p;opor�ion of clay, sand, oxide of iron, or alka- lime or cement burning is performed on a large seale, it is and it sets with g-reat rapidHv. Messrs. Francis & SOll 
lIne bodles. it IS deslrable to tllke advantage of every cir- likel.v that this system will come into use, either with solid or manufllcture a similar al'ticle {rom the llledina eurth which 
cumst!lnce which can facilitate decomposition, as an elevated w ith gaseous fuel. It ie not at all necessary that the shaft or sets more rapidl v than the ordinary Roman cement.

' 
Tbey 

temperature would cause a partial vitrifactioo of the lime, chimney sh�lIld be l�uilt in the middle of tbe ring system, as I were kind enougb to send me a small cask as a sam pIe. A 
________ �·epres�nted 1D the dragram �ow on the srreen; only whe.n it 

I 
part of. this was put to a practical test, by being used to m

.

end 
� Four lectures delivered before tbe Societyof Arts London. Lecture IS outsIde, some of the chlmney channels must be a httle a leak 1Il tbe roof of my house. and the remainder is before 

I. m SUrPLElIENT, No. 327. ' Ionger. you. Mr. Barker is now mixing some with w ater, and you 
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will have an opportunity of seeing for yourselves how 
rapidly and tirmly it sets. 

Little can lJOW be said as regal'rls concrete, for tbe reasons 
already given, but a few illustrations of tbe admirable mate­
rials obtained by incorporating Portland cement, a bard 
material such as small stones, and water, are before you. 
Tbe specimens lent by Mr. Luscelles, of Bunbill Row, illus­
trate bis ingenious and quickly execnted system of building 
witb �labs made of concrete, and tbe models on yonder side 
of tbe room sbow bis method of mountingtbe slabs or blocks. 
A book of designs by Mr. Norman Shaw illustrates well the 
capabilities of Mr. Lascelles' system. One of tbese designs 
bas been pbotographed as alantern slide, and will be sbown 
on the screen by Mr. Barker. It is surprising w bat a variety 
of things can be made of Port land cement concrete­
even tables, chairs, and casks have been made successfully, 
but all lIre subject to the drawback of being rat bel' heavy. 

Here are some fine examples of artistic casting in PnrtlaI!d 
cement, whicb bave been executed by Messrs. C. H. & T. 
Mabey. Mr. Lascelles bas also sent sampies of finely moulded 
window dressings and other decorative articles. 

In connection witb tbe subject of concrete, it is necessarj' 
to aHude to tbe so·called patent Victoria stone, a material 
wbich seems likely to take a very high place among artificial 
stones. It consists in tbe main of a Portland cement con­
crete, tbe aggregate cOllsisting of granite cbips. Wben tbe 
material h set, it is soaked in a solution of sodium silicate, 
which bardens it so mucb tbat, as regards strength and dura­
bility, it stands almost as higb as granite itself. 

goinlo( the suffering and dangers of teetbing ; to fathem wbo, 
bowever busily engaged, are deeply interested in tbe safety 
and comfort of tbeir families; and to tbe millions wbo, 
suffering from inolgestion and dyspepsia, seek anxiously for 
relief and cu re by tlle use of foods best adapted for tbeir con· 
dition. To an of tbese, the trutb in regard to foods, as 
revealed by tbat unerring teacber, tbe micIOscope, must be 
vitally important und interesting. 

FIG. 3 Some artificial stones made according to Ransome's system 
are on tbe table. In this case sand , or pure siliea, is cemented 
togetber by a strong solution of sodium silicate, and tbe 
articles are next hardened ily a bath of calcium chloride. Fully appreciatine; the great importance of baving demon· 
These stones are of especial value to making grindstones, strated, to the public, the unquestionab)e trut� in regard to 
sbarpening blocks, and filtering slabs of vessels; uses wbich the e.xact value ?f ce real foods. sbowllJg w�lCb foods al:e 
are i lIustrated by sampies on tbe side table. Messrs. Ran- g�null1e an<;! WhlCh defectI�e , Dr . . E. S. Gaillard (of thls 
some & Co. also make use of the silicate of soda and cblo- CIty) t.be edlto� of Gatltard 8 Medwal Journal, and. of th.e 
ride of calcium solutions for rendering soft brickwork 01' I A",ert�r. Medzcal Weekly, requested me to examme, ml­
stonework impervious to damp; the liquids being applied cros�npI�all y, all .of tbese foods, ami t? rep01:t tbe resu1t� for 
alternately ; and tbeir value for this purpose is well illustraterl pubh?atI<;m. TbiS ,request wns rnade.lll Apnl, 11'81, Il;no the 
by this brick, one-half of wbich bas been treated. Altbouc:b exammattons descnbed bave been cal efully made dunngtbe 
tbere is scarcely any difference as regards tbe appearancl' 
of tbe two balves, you see tbat water is readil�' absol'bed 
by tbe untreated balf, but not hy tbe portion wbicb bas 
been rendered impervious by tbe solutions of Messrs. Ran­
some & Co. 

Tbe dephospborizing properties of lime bave been ren­
dered available in obtaining cornpact masses of tbe refrac­
tory metal, iridium ;  tbe spongy metal being first fused with 
a moderate proportion of pbo�pborus, after wbicb the 
comparatively fusible pbospbide is beated in powdered lime, 
until all tbe p llOSpborus becomes removed. 

Al! an i ndirect man ure, lime po�sesses some va]ue, decom­
posing silicates, disintegrating organic matter, ano destroy­
in; imleets. As an agent in various cbemical industries, 
lime bolds an important position; its uses in tannillg, tbe 
preparation of tlle caustic alkalies, tbe Iiheration of ammo­
nia, and otber processes, heing very considerable. Witb 
respect to its bearing on tbe iron industry, my remarks must 
be deferred until tbc u tilization of tbe furnace slag is con· 
sidered. Some kinds of glass, as for example tbe bard 
Bobem ian variety, contain a considerable proportion of 
lirne; and powdered lime is often used in p'acking delicate 
articles of steel wbich it is u ndesirable 10 Oll. In this case 
it most effectually prevents rusting . 

[FRO:H THE AllERICAN MEDIOAL WEEKLY.] 

CEREAL FOODS. 
IDGHJ,Y IMPORTANT AND EXTENSIVELY ADVERTISED CEREAL 

FOODS UNDER THE MICROSCOPE.-THE GENUINE; THE 
SPURIOUS; THE WORTHLESS, AND THE FRAUDULENT.­
THERAPEUTIC AS WELL AS DIETETIC FACTS OF GREAT 
VALUE TO PHYSIClANS AND THEIR PATIENTS. 

By EPHRAIM CUTTER, A.M., M.D., Harvard, and University 
of Pen nsylvnnia. 

Author of Boylston Prize Essay, 1857; Delegate from Mass. 
Med. Soc. to U. S. Pbarmacopreia Conven tion, 1860; Hon . 
Mem. Cali fornia and N ew Hampsbire State Medical80ci­
eties; Associate Member Pbilosopbical Society of Great 
Britain and of tbe Societii de Microscopie Belgique; Prin­
cipal Med. Dept. Am. Institut.e of Micrology; Autbor of 
" Tbe Clinical Microscope, "  and "Introduction to tbe Use 
of tbe Microscope," and of man y medical and scientific 
pa�ers, etc., etc., etc. * 

Tbe great difference existing in tbe cbaracter and quality 
of cereal fonds (wbeat, corn, oats, rye, and barley), offered 
for sale, bas attractpd tbe atlp.lJ tion of all close observers. 
Some of tllese advertised .. foods " are p'e�feet and genuinej 
some are defective a:Jd injurious; wlnle many are worth­
less in composition, and even fraudulent in preparation. 

FIG.l FIG. 2. 

4 

FIG. 4.-AFTER HAND. 

eigbt montbs wbicb bave since elapsed. Tbe examinations 
were made by me personally, and tbe microscopic drawings 
were made in my office and under my supervision, by Dr. 
A. T. Cuzner, of tbis.city, one of the most competent, faitb­
ful, and skiIled artists in tbis department of scientific art. 
Tbe drawings prepared by bim were pllotograpbed on tbe 
plates used in tbese illustrations b y tbe Moss Pboto-engra· 
ving' Company, New York, and the results are a11 herewith 
presented. 

lids and dyspeptics. It is alone capable of securing ptolonged 
nutrition. " 

'Starcb is too weIl know n  to need description. .. It is in 
capable alon!! of sustaining life." 

If a grain of w beat. as a type of 01 ber cereals, be examined 
tbere will be found, first, tbe out er, midrlle, and inner coats, 
forming 10getber the lIusk or bran ; tbese coats are wholly 
deslitute of nutritious propenies. Next in order comes a layer 
!lf cells, or sacs, crowded togelher and lying in irregular 
sbapes; tbeSe&aCll averaging onesix·bundred-and-seventy-fiftb 

Fm. 5. -AFTER HA
N

D. 

of an incb in diameter, contain gluten, witb a Iittle oil and 
albumen. Tb!! gluten il'< in tbe form of mall granules, one 
fifteen-bundredth of an ineh in diameter, and when a sac ia 
ruptured, tbese adbere to eacL other (a'e glued togetber) 
witb great tenacity. Lastly, in tbe ce Lter of tbe grain, 
packed away in cells or ">lCS, is t b e  st: rcb, also in small 
granules. TlIe�e sacs or cells are in tbe form of oval glo­
bule�, and, wben ruptured, as is done by boiling or cooking, 
tbe inside contents es cape, forming a glutinous mass, in 
which, under tbe microscope, are Feen tbe broken sac mem­
ln'anes in creseentic and inegular shapes. 

These grains, with tbe coats and cdls or sacs, are accu· 
rately given in F ig-ures 1, 2. 3, 4. 5, and 6. 

Tbe reaoer has bere a clear insigbt into tbe rationale and 
the reliability of tbe examination of cereals under tbe mi· 
croscope. 

Tbe foods examined and described are as follows: 1, com-

Fm. ti -AFTER HAND. 

mon flour; 2, imperial granum; 3, Ridge's food; 4, Hor­
liek's food; 5, Mellin's food ; 6, gluten flour ; 7, FrankIin 
Mills entire wheat flour; 8, Arlington wbeat meal; 9, 
Crosby's food; 10, Blancbard's No. 1 gluten ;  11, Blair's 
",beat food; 12, Nestle's lllilk food ; 13, baby sop, No. 1 ;  
14, baby sop, No. 2 ;  15, Redmond's cerealine ; ]6, Anglo­
Swiss milk food; 17, Durkee's glutena; 18. Farwelrs glu­
ten flour; 19, Victor's baby food; 20, Bermuda arrnw 
root, from tbe plaot; Taylor Brotbers. London. pure Ber­
muda arrow root; 22, Minnesota surprise flour (new pro­
cess)j 23, trade dollar process flour; 24, HuhbPll's prcpared 
wbeat; 25, mother'8 ce real milk substitute; 26 Hawley's 
Liebig's food; 27, papoma; 28, Gerber's food for infants 
and children; 29, Gerher's milk food ; 30, cold blast flour, 
extra, New York Hmlth Food Co. ; 31, barley flour, extra, 
New York Healtb Food Co. ; 32, buckwbeat flOUT; 33, in­
dian wbeat flour; 34, Lost Nation wbeat flour; 35, Co­
rinna wbeat fiour; 36, St. Paul wheat fiout; 87, Hazleton 

These demonstrable facts are higbly important, of course, 
to pbysicians, WllO use sucb foods so largely und so weIl in 
the treatment of rnany disea�es ; but tbey are of equal im­
portance to tbe memhers of every community; to motbers 
wbo, above all, are cbiefly cbarged with the responsibility of 
tbe diet of tbeir cbildren, and e�pecially of those under-

FIG. '1. 

• Copyrighted by E. S Gaillard, M.D. New York, 1882. All rigbts re­
served. 

We are requested by Dr. E. S. Gaillard to slate Ihat Figures 4,5,6 and 
8 were not prepared for his JournaL but are th� originai cuts nsed in the 
Horsford R"port <:>n Bre!,d, at (he Vlen�a Expositi"�; these C11tS b eing 
klndly placed at hIS servIce by Mr T. J. Hand. of thl>5 c·ty, to whom the 
publlc ;S indebted for their execntlon. 8y an accidental omission. much 
relP'etted, these facts were not s!ated in the .dmericanMedical Weekll/. 

All cereal foods(wheat, oats, corn, rye, and barley)contain 
almost exclllsively gluten and starcb . 

Gluten is tbe viscid, tenacious suhstance of dongh, and in 
addition to its bigbly valuahle nutritious property, is essen­
tial in all panificatinn or bread making. Gluten, says Ma­
gendie, tbe immortal Frencb pbrsiologist, "by itself secures 
complete and pl'olonged nutrition ."  Pereira, tbe great 
autbority, sa:ys .. gluten is easy of digestion, and substances 
wbich contam it largely are readily digested even by inva-
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wbeat flom ; 38, Puritan wheat flour; 39, Patapsco wbeat 
flour; 40, Underwood wbeat flom; 41, fine gnmulated 
wlleat flour ; 42, cold blast wb oie wbeat dark flour; 43, 
cmde gluten flom; 44, wbite gluten flour. 

Do these fonds sustain tbeir daims? 
Figures 1, 2, and 3 represent a I!'rain of wbeat. Note tbe 

beard, tbe longitudinal groove, and tbe germ. 
Fig. 4. TlIis figure is from Horsford's report on bread at 

tbe Vienna Exposition. It represents a longitudinal section 
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of a grain o f wheat: 1, outer coat ; 2, middle coat; 3, inner 
coat; 4, color coat; 5, gluten coat ; 6, gluten cells; 7, paren­
chyma, 01' starch mass; 8, the ger1ll. 

Fig. 5. Tbis figure represents a transverse section of a 
grain of wbeat. Note the different coats: tbe envelope 
coats; the gluten coat (dotted), and tbe starch masses within. 

Fig. 6 Portion of a transverse section of a grain of wheat; 
shows empty and fiHed gluten ceUs ; starch masses in the 
interior,with tue tougb, tibrous cOllnective tissue. Tbe reader 
should leam here to identi fy tbe large gluten cells, empty 
and filled, furming the tbird coat. The sbape of these cells 
should be remembered, for it is upon the gluten 1n cereal 
foods that their chief value depends. 

mass; C, starch bundles, apparently of m aize ; D, cooked 
mass of starch, which does not polarize light; E. starcb 
grains; F, starch gmnules; G, small gluten granules. The 
proprietors must add gluten cells, at least in the pr'oportion 
found in wheat or maize, to bring their prodnct up to the stand­
ard of wheat flour. 

I<'ig. 11. HORLICX'S FOOD, magnified 800 diameters. The 
starch tbat makes up the bulk of the food is changed into 
dextrine, or sugar, hence it is soluble. A, cooked, vegeta­
hle granular mass; B, hair of wbeat; C, empty and filled 
gluten cells, found only after a long search through several 
specimens. The dark unsightly masses are portions of 
cooked material, that have no effect on polarized light. 

FIG. 8.-AFTER HAND. 

Fig. 7. Gommon wheat flour, magnified 800 times.-A. 
giant starch cells;  B. medium starcb cells; C, starch gran­
ules, aleurone (or farina), and granular gluten from ruptured 
gluten cells; D, starch bundles and fibrous tissue ; E, fibrous 
ti8l3ue. Tbere are no gluten cells, these being ruptllred, libe­
rating the granules of gluten. In making flour, three fourths 
of the gluten is removed, and tM chief strength of the food is 
ta'ls destroyed. 

Fig. 8. Transverse section of a scale of bran, magnified 150 
diameters. This bran is removed to make flour w bite, and 
tbis removal is tbe cause of tbe loss of three·fourtbs of the 
gluten. Note the gluten cells, tbickly packed away in tbe 
bran. Tbe removal of the bran, it is tbus demonstrated, is 
tbe removal of the gluten. 

Fig. 9. THE IMPERIAL GRANUM FOOD. -Tbis food is 

Claims " to be a perfect food for infants." 1t approaches 
common jlour. 

Fig. 12. MELLIN'S FOOD. -Segment of covering of tbe 
w heat grain, A; B, empty giuten ceHs; C, hair of tbe beru'd 
of wbeat; D, gluten cells of wheat; E, collection of many 
gluten cells, not of w h eat (note difference in shape of tbe�e 
cells and those marked B and D). Uluten cells readily 
found. Claims to be tbe only substitute for mother's milk, 
and 110t farinaceous. It is not polarized by light, save in a 
few starch grai4Js scattered here and there. Stru'ch is changed 
into a soluhle form, so as to readily enter tbe circulation, on 
its introduclion intu a defectively digesting alimentary canal. 
This food stands high on the list. Should the propr'ietors put in 
the full proportion of gluten cells it would be fault/ess. Magni­

jied 800 diameters. 

FIG. 9.-IMPERIAL GRANUM. 

repre.sented to be gluten from white, winter, flint whent; 
the starcb, impurities, and soluble matter effectually ex­
cluded ,  the gluten only retainetl, etc. There are 1I0 gluten 
cells visible. Note the giant starch grains, Ai B. granules 
of starch and aleurone; C, connective tissue; D, granular 

Fig.13. GLUTEN FLOUR, New York Health Food 00.­
CllIiming tu he " almost no starch and all gluten." A, starch 
grains; B, fibrolls tissue; C, starch granules. No gluten 
cells visible or to be found. It cannot be distinguished from 
commun flour. 

flour. 'l'he circuJars are travesties, and sbow an ignorance 
wbich, if it dld not affect buman life, wlJuld be ridiculous, 
Where only seventy gluten cells are found �'n a jloUI' claimed to 

be all gluten, comment is unnecessar·y. 

FIG. 1S.-GLUTEN FLOUR.-N. Y. HEALTH 
FOOD CO. 

Fig. 15. FINE FLOUR OF THE ENTlRE WHEAT, manufac­
tured by the FrankIin J\Ilills Co . .  Lockport, N. Y . . magnified 
800 diameters. Tbe field is filled with gluten cells, A; B. 
hairs of wheat; C, gluten comb coat. 

FIG. 10. -RIDGE'S FOOD. 

Fig. 16. THE SAME FLOUR.-A, gluten cells; B, starcb 
bundle; C, connective tissue ; E, aleurone and gluten gran­
ules; G, giant starch grains. Repeated examinations prove 
this to be the bestjlour exarnined. So long as the makers main­
tain such a proportion of gluten cells, ekey confer a bles8trlg on 

D 

FIG. 11.-HORLICK'S FOOD. FIG. 12.-MELLIN'S FOOD 

gluten. I have always failed to find gluten cells. It ranks 
anty with Mmmon flour. 

Fig. 10 RIDGE'S FOOD, maguified 800 times.-It is c1aim­
ed to be "a perfeet food for infant,s." It cIlDtains no gluten 
cells. Observe the beard of the wheat at A; B, wheat starch 

Fig. 14 GLUTEN FLOUR.-Many specimens examined by 
myself Imd Dr. G. B Harriman. of Boston, Mass. Masses of 
tegument and parenchyma, A; B, tegument ; C, gluten cells­
in reppated examinations ahout seventy WPfe found; D, starch 
masst's; E, connective tissue. This is a meal, and not a 
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man kind. 1t produces a light and Bpongy bread. 1t iB a reliahle 
infants' food. 

Fig. 17. ARLINGTON WHEAT MEAL, mngnified 800 diame­
ters. A, tegumen! of wbeat with gluten cells around and 
underneath; B, tegument, with no gluten cells ; C, fibroUB 
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t issue with con tiguous starcb cells and aleurone, and gran u- 1 , 000; claims some gluten. 1ftbis exists, it is tbe granular 
lar gluten in the interRpaces. " Meal " is tbe product of a gluten of comnion flour. There are 270 parts of 8o-called 
cereal ground coar<eIy, without bolting. Wheat tbus ground vitalized salts asserted to he in tbis food ; that is, salts formed 
is often eaUed Graham flour, after Dr. Sylvester Grabam, in connection wilh tbe organ ic substances n amed. If tbis 
the noted vegetarian. A spurious Grabam is w heat flour, beso,all the albuminoids in allthe fOoUs herein described are 

smaH gran ules of stareh. Claim� to be made of tbe best 
cow's milk. It contains stareh, and ';n thejWld the"'e iIJ an 
abunda"ce oj oil globules. There is milk in %t and a quantitu 
oj starch, but no gluten cells. 

Fig. 21. ANGLO·8wISS FooD.-Magnified 800 times. A, 

B 

Fm. 14.-GLUTEN FLOUR. FIG. 15.-FRANKLIN }IILLS ENTIRE WHEAT FLOUR. 

mixed witb bran. Tbe Arlington is a pure Grabam flour; 
rieb in gluten and in all the elements of entire wbeat. 

Fi�:. rS. CROSBY'S BRAIN AND NERVE FOOD, magnified 
800 times. Claims to be compoped of vii alized phosphates 
from ox brain and wheat germ. A, large mass of starch, 

vitalized also. Tbere is but little gluten if any in tbis food. 
Fig. 19. BLANCHARD'S GLUTENA, magnitied 800diameters. 

Claims to contain 90 per cent. of gluten; starch only 10 per 
<,ent. A, large masses of starch, polarizes ligbt beautifully, 
sbowing that the starch is not cooked or overheated ; B, glu-

stareb eooked ; B, oil glohules ; some gluten cells. It iIJ a 
milk jood, with some gluten and cooked March. 

Fig. 22. Baby Sop, Nos. 1, 2, find 3, magnified 800 times. 
A, lrirge masses of oat gluten cells-notice bow tbt'Y differ in 
shape from the w heat gluten cells; B, stareh bnndles; C. 

B 

FIG. 16.-FRANKLIN MILLS ENTIRE WHEAT FLOUR. FIG. 17.-ARLINGTON WHEAT MEAL. 

obscuring the underlying starch, so Iarge in some specimens 
as to oecupy tbe wbole field ; B, iIl-detined dark granular 
mass resembling gluten cell, thougb sucb an opinion is not 
warranted; C, similar masses ; E, a gluten ce11, possi hly ; D, 
apparently cooked animal substance. Tbere are no charac-

ten cells. Gluten abundant ; contains al1 tbe elements of 
wheat. While there iIJ glute n  az'mus j01-tnd. tM,. jood contains 
90 per cent. oj stare/!, and onlu 10 of glu.ten-the reVe1'se, eXltctly, 
oj the claim madejor thejood. 

BLAIR'S WHEAT FooD.-Well represented by Figure 9. 

granular Rtarcb. Tbe three grades are prepared for infants 
of different ages: No. 1 for tbe younge,t. This food is a 
malted prpparation. Contai o�  a11 tue elements of the oat ; 
an abundance of glu len. Starcb grains much smaller tban 
those of the wbeat, and the gluten cells of cbaracteristic 

FIG. 18.-CROSBY'S BRAIN AND NERVE FOOD FIG. 19.-BLANCHARD'S GLUTENA. 

teristic gluten cells. no nerve fi her, no axis cylinder fIber, no 
ganglion n or multipol ar cell .  The adverti@ement claims tb at 
tlle brain is tbat of tbe OX, but the labf'l states tbat tbe brain 
is that of the fish. Label admits 730 parts of starcb in 

Abundance oj jree starch grains, giant, medium, and granulaq-. 
No ql�den cells. 

Fig. 2 1. NESTLE'S MILK FOOD ; OR, LACTEOUS FARINA. ­
Magnified 800 diameters. A, masses of cooked starch ; B, 
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sbape Tbis food is made of unhulled oats malted and 
erusbed. See Figures 23 and 24. Susfa in s its mode.t claims. 

Fi!mres 23 A-23 B. Tbe oat as found in examinatioDa 
of Baby Sop. 
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Fig. 24. REDMoND's CEREALINE. magnified 800 times. 
Polarizes light partially only. Made up of wbeat starch 
grains. Bundles few. After many examinations a portion 
01" tegnment was fnund, containing al1 eoats, and 50 /!lu­
ten cells. Olaim oJ being econom$cal (50 cent8 a pountI), supe­
riority to aU other cereals, etc., not sustained. 

up into weird, irregular creacentic shapes, due to the me­
chanical crushiog, after cooking. It is like cracker and bis­
cuit ground up. 

Fig. 27. BERMUDA ARRow RooT STARCR, from tbe pure 
and genuine Bermuda arrow root, magnified 800 times. 

Fig. 28. " The Pure Bermuda Arrow Root of Taylor 

mechanism, construction, and chemical elements of the cere­
als t.hey describe and seIl. Their language is not only unwar­
ranted by scientific truth, but is absurd. They speak of " the 
chemical salts being separated by mechanical means," etc. , 
etc. 

Their preparation, nevertheless, is a good one, aod con· 

FIG. 20.-NESTLE'S MILK FOOD Fm. 21.-ANGLO·SWISS FOOD. 

Fig. 25 DURKEE'S GLUTENA, magnified 800 times. A, tBrQthers. " Potato starch cells are here commingled with a Jew 
masses of parenchyma of wheat grain, starch removed; bere oJ arrow root; the adultemtion is beautifully exposed, and the 
and there a strip of gluten cells outside. Beautiful starch claim oJ purity i� comical indeed. The manuJac turers should 
.!rrains and gran ular 8ta1'ch. Irigure 7 represents this Jood . examine. these arrow root cells and tMir starch product under 
'lOhen crushed. Gluten cells not detected. I the microscope / 

FIG. 23a. FIG. 230. 

FIG. 22.-BABY SOP-Nos. 1, 2, AND 3. 

tains more of the plements or wheat than wa.q anticipated . 
It contains gluten cells, bundles of wheat stareh, barlev 
starch, and gluten gran ules. -

HAWLEy'S LlltBIG's FOoD. -Wheat gluten cells, barley 
gluten cells, barley tegument, wheat stareh, cooked granular 

FIG. 24.-RED�IOND'S CEREALINE. 

FARWELL's GLUTEN F!.�uR.-Claims to be " gluten left 

I 
MINNESOTA SURPRISE FLOUR.-Tbis contains aU the ele- l m'lsses, not polarizing light. WeIl malted. A good Jood, 

bebind after tbe starch is blown out. " lt required a long ments of the wheat, save the gluten cells. There is more and it8 claims are sustained. 
seareh to find any gluten cells. It ia similar to the food la�t gran ula .. gluten 1 ban is found in ordinary flour. THE FOLLOWING ADVERTISED FOOD STUFFS CONTAIN NO 
named, aod Figure 25 ia a good representation of it. TRADE DOLLAR NEW PROCESS FLOUR, like tbe last. GLUTEN : Cold blast flour, N. Y. Food Co. ; barIey flour, 

FIG. 25.-DURKEE'S GLUTENA Fm. 26.-VICTOR'S BABY FOOD. 

Fig. 26. VICTOR'S BARY FOOD, ma�ified 800 times. 
Claims " a  elose resemblance to motber s milk. "  A, large 
mass of cooked starch ; B, starch grains deformed by cook­
ing; C, broken starch cell ; D, fibrous tissue. one gluten cell, 
Dccasioual fat globules. Figure shows starch grains broken 

HURBELL'S PREPARED WHEAT.-Starch cooked, but not 
enou!!h to prevent poiar izallon of light ;  starcb-hundles and 
alenrone. A few gluten cells. Not up to it8 claim. 

MOTHER's CEREAL MILK SUBSTITUTE.-Tbe daim made 
shows that the manufacturers are profoundly ignorant of tbe 
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do. ; buckwbeat flour, do. ; India wheat flour ; Lost Na· 
tion wheat flour; common Min neBota flour ; Hazleton 
flollr ;  Puritan flour ;  Patapsco flour ; Undel'wood flom , 
fine granulated ",heat flour (RO glukn cella) ; Gerber'" 
food for infants aod children (seems to be crackers grOUlld) 
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